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Abstract:
Transient subpicosecond Raman spectroscopy has been used to interrogate
electron transport properties in InGa1As -based semiconductor nanostructure under the
application of an electric field. The deduced electron drift velocity has been found to be
much larger than either GaAs or InP-based p-i-n nanostructures at comparable field. We
attribute this to both the much smaller electron effective mass and the much larger IT to
x (L) energy separations in InGa1As -based semiconductor nanostructures.
1. Introduction:
Recent advances in semiconductor device fabrication have allowed for the
creation of conditions in semiconductor structures where transient electron transport
becomes important. Transient effects can dominate electron transport properties when
electrons are subject to high electric fields over short distances and time scales. The small
size of devices of the order of 0. 1 p m recently achievable together with a typical device
operation voltage suggest that transient effects are going to govern the behavior of
electrons in semiconductor nanostructure. 1-4
2. Sample and Experimental set up:
The InGa1As (x 0.53) -based p-i-n nanostructure studied in this work was
grown by molecular beam epitaxy on a (001)-oriented hiP substrate. The detailed sample
structure is shown in Fig. 1 . The p-type region is made up of a 1 OOA-thick Zn-doped
( 5x1 cm3 ) InP layer. The i-region is a 1 ,um -thick intrinsic In0 53Ga047As layer,
which is the active region probed by our Raman scattering experiments. The n-type
region consists of a 1 000A-thick Si-doped ( 5x10'7 cm3) InP layer. Gold contacts are
established on both the p and n sides of the mesa-like p-i-n structure in order to apply an
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MFig. 2: The experimental setup for transient picosecond/subpicosecond Raman scattering
studies of electron transient transport in semiconductors. SHL:second harmonic
generation system; M: mirror; L: lense; PMT: photomultiplier tube. For transient
experiments, the same laser pulse is used for both excitation of electron-hole pairs and
detection of their transport properties.
layer and Si-doped n-type layer serve as a capacitor and provide a uniform electric field
across the active region ofthe sample.
Fig. 2 show the experimental setup for our subpicosecond Raman experiments.
The excitation source used in this work is a double-jet DCM dye laser synchronously
pumped by the output of the second harmonic of a cw mode-locked YA1G laser. The
backward-scattered Raman signal is collected and analyzed by a standard Raman system
consisting of a double spectrometer, a photomultiplier tube and a CCD detector.
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